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(54) CAPACITY AND RESIDUAL TIME INDICATOR OF STORAGE BATTERY 

(57)Abstract: 

PURPOSE: To provide a device having wide use for 
detecting storage battery current in a direct current 
supply power system and estimating and indicating a 
residual capacity and a discharge time. 
CONSTITUTION: A condition setting means 13 can 
be initially set in accordance with operation conditions 
by a first memory means 14 for storing a specification 
setting data table of a rectifier 1 and a storage battery 
2. An operation means 9 has a first measurement 
means 8 for measuring storage battery current and a 
second measurement means 12 for measuring 
temperature. And, discharge coefficient for discharge 
current is found and a quantity of discharge is 
calculated from a second memory means 15 for 

detecting the discharge current and the temperature at the time of operation and storing 
the discharge coefficient for converting them into a specified time-rate discharge. 
Subtraction is successively performed from a capacity at the time of full charge of an initial 
value at the time, residual capacity is divided by the discharge current and the discharge 
coefficient, and a residual discharge time is estimated. In addition, a display 10 for 
indicating an operation result is equipped. 
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* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by t:he use o£ "this trans 1 a'tlon . 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. ^ 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention presumes the remaining capacity and the discharge remaining 
time of a battery in the direct-current electric supply system which consists of a rectifier and a 
battery and supplies power to a load, and relates to the display which displays the value. 
[0002] 

[Description of the Prior Art] It is the output current 10 of the rectifier 1 with which the direct-current 
electric supply system which drawing 7 consists of a rectifier and a stationary battery, and supplies 
power to a load is shown, and the charge and discharge current I of a battery 2 is detected by the 
shunt 4. It is obtained by searching for a difference with the current IL of the load 3 detected by the 
shunt 5. The remaining capacity of a battery 2 can be known by measuring these two shunt currents 
for every unit time amount with capacity and the remaining time display 6, and calculating them. 
The example of a circuit of the conventional capacity and remaining time display 6 (it is called 
display for short below) is shown in drawing 8 . In drawing 8 , the I/O means 7 are the circuit which 
inputs the interruption-of-service signal and failure signal fi-om a rectifier 1, and a circuit which 
outputs an equalized charge signal and an alarm signal to a display 6, The measurement means 8 can 
read the detecting signal from said shunts 4 and 5 with an A/D converter, and can calculate 
remaining capacity by calculating in quest of difference with the operation means 9. Moreover, it is 
the load current IL detected fi-om a shunt 5 in said remaining capacity when the I/O means 7 detects 
an interruption-of-service signal. By doing a division, the discharge remaining time at the time can 
be found. And this remaining capacity and the discharge remaining time are displayed with the 
display means 10, such as LCD and LED. 
[0003] 

[Problem(s) to be Solved by the Invention] However, it measures with the measurement means 8 
shown in drawing 2 , and depends only on the magnitude of the battery discharge current for the 
amount of discharge per [ which is obtained by the operation means 9 ] unit time amount. That is, in 
an actual direct-current electric supply system, with the magnitude of the voltage drop of the battery 
2 and load 3 which are shown in drawing 7 , the battery permission minimum electrical potential 
difference may be unable to change, either, and rated capacity may be unable to be discharged 100%. 
Moreover, it is known that a discharge property changes with discharge rates remarkably, and 
temperature dependence of a battery is [ this discharge property ] large. Therefore, the approach only 
by the magnitude of the discharge current has the problem that the effect an error affects the backup 
activity of emergency greatly is large. This invention tends to solve these troubles and tends to aim at 
improvement in the remaining capacity of a battery, and the presumed precision of the discharge 
remaining time. 
[0004] 

[Means for Solving the Problem] The I/O means which this inventions are a rectifier and the display 
of the direct-current electric supply system which supplies power to a load fi*om a battery, and 
outputs and inputs a signal between said rectifiers. In the capacity and the remaining time display of 
the battery equipped with a 1st measurement means to measure the output current and the load 
current of said rectifier, and an operation means to search for a battery current fi'om the difference of 
the output current and the load current which were calculated with this 1st measurement output A 
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2nd measurement means to measure the case temperature of said battery, and a 1st storage means to 
memorize the table data which collected the specification setting items and the set points of said 
rectifier and a battery, The conditioning means which chooses from said 1st storage means and can 
be set up according to actual employment conditions. The capacity conversion time amount (K) and 
the charging-time-value (T) property which were set to the predetermined specification of a battery 
are used. A 2nd storage means to memorize the battery whose rated capacity is known as table data 
in quest of the discharge multiplier to the discharge current (C-Rate) at the time of discharging. It 
asks for the discharge multiplier corresponding to the discharge current and temperature of a battery 
which were measured for every imit time amount more fixed than said 1st measurement means and 
the 2nd measurement means with said 2nd storage means. The amount of discharge which multiplied 
the value by said discharge current and unit time amount, and was converted into the predetennined 
rate discharge of time amount is computed. Carry out sequential subtraction of said amoimt of 
discharge fi*om the battery rating which makes a fiill charge initial value, and remaining capacity is 
calculated. The percentage to a fiiU charge is computed, and the division of said remaining capacity 
is done by said discharge multiplier and the discharge current at the time, and it has an operation 
means to presume the discharge remaining time in an operating condition, and a display means to 
update and display the result of an operation for every unit time amount of measurement. 
[0005] 

[Example] Drawing 1 is the example which used the display 60 by this invention for the direct- 
current electric supply system shown in dravying 7 , and has detected the case temperature of a 
battery with the temperature sensor 1 1 . It aims at drawing 2 R> 2 adding the 2nd measurement 
means 12, the conditioning means 13, the 1st storage means 14, the 2nd storage means 15, and the 
communication-interface circuit 16 to the block diagram of the conventional indicating equipment 6 
which showed the circuitry of the equipment 60 by this invention, and was shown in drawing 8 , 
enabling loading of an indicating equipment 60 in the rectifier with which rating differs with 
improvement in the remaining capacity at the time of discharge, and the presumed precision of the 
discharge remaining time, and attaining wide use. In addition, in order to distinguish the 
measurement means 8 shown in drawing 8 fi-om the 2nd measurement means 12 in drawing 2 , it was 
indicated as the 1st measurement means 8. Each fixnction of drawing 2 is explained below. 
[0006] The 2nd measurement means 12 is amplified when the detecting signal of a temperature 
sensor 1 1 is a voltage signal, and in the case of an impedance signal, afl;er changing into a voltage 
signal, the temperature of the charge-and-discharge condition of a battery 2 is supervised in the 
measurement circuit which carries out A/D conversion. The conditioning means 13 is the circuit 
section which sets up the alarm level which battery remaining capacity decreases and performs 
alarm-output actuation while setting up each value of the rated value of the shunts 4 and 5 employed 
by the system shown in drawing 1 , battery classification, rated capacity, and the permission 
minimum electrical potential difference. Since these set points are set up according to the situation of 
a site, versatility can apply high very broadly. 

[0007] For example, the rated current value of the shunt 4 shown in drawing 1 is determined with the 
rated capacity of a rectifier 1 with the value adding the discharge current of a battery '2, and the 
current to a load 3, and the rated value of a shunt 5 is determined in the magnitude of the load 
current. Therefore, battery rated capacity is determined by the time amount by which the maximum 
load current detected with said shunt 5 is held at the time of interruption of service. Thus, it is very 
effective that the conditioning means 13 which can be set up with a key switch, a drop, etc. is 
established according to the setups of the system to diversify, and it can initialize easily at the time 
of actuation. And as shown in drawing 2 , according to this set-up value, the value read with the 1st 
measurement means 8 is converted by the operation means 9, and turns into an actual measurement. 
The 1st storage means 14 are setting data tables, such as a value of the selectable range for every 
setting item of said conditioning means 13, or a rated display, and are usually memorized by ROM. 
After being chosen by said conditioning means 13 and set up, it is written in RAM of a non- volatile 
etc. and held. 

[0008] The 2nd storage means 15 is the data table in which being prepared for for every battery 
classification and showing the relation of the discharge ciurent (C-Rate) and the discharge multiplier 
alpha to rated capacity by making the permission minimum electrical potential difference of a 
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battery, and temperature into a parameter. This data table is what subdivided and table-ized the 
discharge current (C-Rate) and the discharge multipUer property which were shown in drawing 3 , 
and is usually memorized by ROM by making the permission minimvun electrical potential 
difference and case temperature of a battery into a parameter. The discharge multiplier alpha of 
drawin g 3 is a discharge multiplier which expresses the severity of discharge conditions to the 
known rated capacity (rate discharge capacity [ in / usually / 25 degrees C ] of 10 time amount) 
which the discharge current measured with the shunt 5 and the 1st measurement means 8 installed, 
and becomes so large that temperature is so low that a discharge rate and the permission minimum 
electrical potential difference are large on the contrary. This property is in agreement with the 
inclination which the discharge characteristic curve of a battery shows. 

[0009] Next, the calculation approach of the property of drawing 3 which serves as an important 
basis when presuming the remaining capacity of this invention is described. It is usually called a K-T 
curve, is prepared for every battery temperature with the classification of a battery, the property 
shown in drawing 4 is an example of the standard property Fig. of the capacity conversion time 
amount K of the Japanese battery Semiconductor Equipment & Materials Intemational specification 
SBA6001 "the capacity computing method of a stationary battery", and a charging time value T, if K 
value corresponding to the charging time value to need is multiplied by the discheirge current, it can 
calculate required rated capacity (lOHR) easily, and generally it is used well. Drawing 3 uses the K- 
T standard property shown in this drav^ng 4 , and plots as follows. 

[0010] When the battery rating is determined and the fixed discharge current is passed, lOH of the 
charging time value T of the axis of abscissa shown in drawing 4 are expressed as discharge current 
O.IC equivalent to the rate discharge of 10 time amount (lOHR). It is drawing 3 which calculated the 
value which did the division of the capacity conversion time amount K of the axis of ordinate of 
drawing 4 at this time (about 10 H) by charging-time- value lOH of an axis of abscissa as a discharge 
multiplier alpha, asked for similarly about other charging time values, and was graph-ized. As the 
discharge current shows the discharge pattern of drawing 5 by said specification SBA6001, they are 
CI, CII, and CIII. When it changes, the battery rating C required for the whole discharge is given by 
(1) type. 
[0011] 
[Equation 1] 

C=CI +CII+CIII =K1 II +K2 (12 -II )+K3 (13 -12 ) (1) 

[0012] Namely, the discharge current II, 12, and 13 It is II of the 1st term to a change pattem that a 
battery rating is directly related to the magnitude of the discharge current. By the 2nd term and the 
3rd term, the difference of '(12-11) and (13-12) is related. Therefore, if change of a discharge pattem is 
not known, generally a required capacity will be determined in consideration of the worst conditions 
in use of a battery, assuming the magnitude of the discharge current at that time to be fixed, although 
it cannot determine. Moreover, how to calculate the amount of discharge at the time of making a 
known capacity discharge using (1) type Charging time value Tl of the initial value shown in the 
discharge pattem of drawing 5 Since it is unknown Time amount is added for every cycle time which 
measures the discharge current, and it is a charging time value Tl. By this approach, it has 
complicated count that changing, choosing capacity conversion time amount K value further to 
compensate for change of the discharge current at that time, and recalculating from the 1st term of 
(1) type will be repeated, and it is not practical. Then, it asks for the discharge multiplier alpha which 
converts into C-Rate the discharge current shown in drawing 3 , and corresponds, and it multiplies 
by unit time amoimt deltat as the cycle time of the discharge current I and measurement, and the 
amount of discharge (alphaxixdeltat) per [ which was converted into the rate of 10 time amount 
(lOHR) ] unit time amount is calculated. It is the discharge time of day tn of arbitration by carrying 
out sequential subtraction and repeating this firom the initial rated capacity CIO (tO) which converted 
this amount of discharge into lOHR. The battery remaining capacity CIO (tn) converted into lOHR 
which can be set can be calculated by (2) types. 
[0013] 
[Equation 2] 

Cio ( tn ) =Cio (to ) -E a I XI, XA t (2) 
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[0014] here — alphai Time of day tO from — tn up to — it is the value deteraiined with the discharge 
current li which is the discharge multipUer of the arbitration of a between and is a measurement 
value at this time, battery temperature, and the set-up permission minimum electrical potential 
difference. Moreover, drawing 3 is subdivided moderately as mentioned above, it collects for every 
battery classification and temperature, and the data table memorized by the 2nd storage means 1 5 is 
discharge multiplier alphai of arbitration. There are few opportunities directly called for from this 
data table, and, usually it is located in the middle of a table. In such a case, the discharge current li A 
data value before and after being related to the value converted into C-Rate, the permission 
minimum electrical potential difference, and temperature is selected, the straight-line approximation 
calculation which connects these points is performed by the operation means 9, and it is optimal 
discharge multiplier alphai. It asks. Therefore, it can be said that remaining capacity CIO (tn) is 
sufficiently [ in precision ] high, 

[0015] The remaining capacity (%) to the ftill charge of CIO (tn) is expressed by (3) types. 
[Equation 3] 

Remaining capacity (%) =C10(tn)/C10 (tO) (3) 

Next, time of day tn of arbitration The discharge remaining time td which can be set It is the 
discharge current In by (4) types first. It is alphan about the capacity calculated by (2) formulas in 
order to return to the remaining capacity Cx (tn) in the conditions at the time. A division is done and 
it asks. 
[Equation 4] 

Cx =(tn) C 1 0 (tn) / alphan (4) 

Next, the discharge current In If a division is done, it is the discharge current In. Time of day tn The 
discharge remaining time td at the time of assuming that henceforth was continued It can ask by (5) 

types. 

[Equation 5] 
td=Cx (tn)/In (5 

On the other hand, it is time of day tn. It sets, assumes that interruption of service was recovered, and 
is time-of-day tn+1 after unit time amount deltat. Change of the remaining capacity CIO (tn+l) 
which can be set is charging current In+1, as shown in (6) types. Unit time amount deltat is 
multiplied by it and added. 
[Equation 6] 

C10(tn+1) =C10(tn)+In+l xdeltat (6) 

[0016] Thus, data processing in the charge and discharge of a battery is performed by the operation 
means 9 shown in drawing 2 . Even if it starts a charge timer, it compares by deadline and remaining 
capacity has not reached to 100% after decreasing to less than constant value with the charging 
current, for example, 0.01 C, in the charge at the time of interruption-of-service recovery since the 
difference by the count approach of charge and discharge turns into a difference of remaining 
capacity and it appears, by regarding as 100% of a fiiU charge, it is possible to amend a calculation 
error and these amendments also carry out with the operation means 9. The remaining capacity and 
the discharge remaining time which were found by the above are updated to every cycle-time deltat 
with the display means 10, such as LED, liquid crystal, and EL, and are displayed. 
[0017] If the display means of the dot pitch which has resolving power with the sufficient display 
means 10 to illustrate the situation of change of remaining capacity and the discharge remaining time 
is used, the locus (thick continuous-line display) of a discharge condition as shown in drawing 6 , 
and presumption (chain- line display) are illustratable with the command of the operation means 9. 
The outline shown below at this drawing 6 R> 6 is described, interruption-of-service detection time 
of day to unit time amoimt deltat as the first after measurement cycle time — setting — the discharge 
current II ******** — the covmt from (2) types to (5) types — carrying out — discharge remaining 
time td =t4 It can ask for a B point, the discharge current II Time of day tl up to — the straight line 
and time of day tl which connect an A point and a B point since it is fixed The locus of remaining 
capacity and a charging time value decreases along with the straight line between AC to C point 
which is an intersection. And time of day tl It sets and a battery current is 12. The locus at the time 
of increasing is as follows. 

[0018] Time of day tO The discharge current II which can be set In quest of a B point, it is the 
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discharge current 12 with the same approach. Even if it attaches, when it asks, it is the discharge time 
of day t2. D point is searched for. the ** which does not change the inclination at this time (t4 / 12) 
for the straight line which connects between Points A and D ~ the discharge current 12 Time of day 
tl which is a changing point the point E of carrying out a parallel displacement to C point, and 
crossing the elapsed time of an axis of abscissa — time of day tl the estimate of the new discharge 
remaining time which can be set — the last presumed time of day t4 from — time of day t3 It changes 
and becomes short. Time of day tx of arbitration It sets and is the discharge current 12. Since it is 
fixed, F on the straight line which connects Points C and E are asked for remaining capacity CIO 
(tx). On the other hand, for the discharge remaining time, future is also the discharge current 12. 
Time of day t3 of E points at the time of assvmaing that it flows Since progress of through time is not 
dependent on the magnitude of the discharge current, when it is threshold value, and the parallel 
displacement of this point is carried out to a straight line CB, it is time of day tl. G points are 
searched for. 

[0019] namely, time of day tl setting — the discharge remaining time — (t4-tl) to (t3-tl) — rapid 
decreasing — after that — time of day tx ****** ~ the locus which decreases linearly is shown. 
Moreover, change of the remaining capacity after that is presumed to be is shown by the chain line 
which connects Points F and E, and change of the discharge remaining time is shown by the alternate 
long and short dash line which connects Points H and E. It is time of day tx. It is useftil as a man 
machine interface to have a means to be able to ask similarly even if change of the discharge current 
occurs also about henceforth, and to plot and display these. 

[0020] It is said time of day tl as an example. Approaches, such as separating the load of the low 
level of priority one by one according to the significance of a load in the case of the small value 
which does not reach the holding time which is intuitive and is easier to understand it since change 
of the rapid remaining time which can be set follows and changes to fluctuation of the load current, 
for example, the value of the discharge remaining time expects at a certain time of day, are 
performed. Separation of a load is followed, and the discharge remaining time becomes large and 
can judge easily whether separation of a load is the need fiirther in one good to as [ present 
condition ]. Moreover, it is also easy remaining capacity for the alarm level set up by the 
conditioning means 13 to presume at which time it reaches. 

[0021] Although how to calculate the remaining capacity by this invention is not faithfully based at 
(1) ceremony of the capacity computing method by specification SBA6001 as stated above, it is 
effective as the approximation-approach and precision is improving extremely as compared with the 
calculation approach by the product of the current of the moreover former, and time amount. As 
mentioned above, it is not proper to discuss the error by (1) type, since it has determined by the 
holding time which assimied the maximimi discharge current of the worst value to be fixed since a 
discharge pattern generally did not understand the decision of an actual battery rating, and since this 
invention has moreover taken in the view by said specification SBA6001 by comparatively easy 
count, it is highly [ in precision or ] practical. [ of this invention ] 
[0022] 

[Effect of the Invention] Whether rating of a rectifier differs so that it can apply to a standard direct- 
current electric supply system, or battery classification differs from rating, those means that can 
carry out conditioning are established, it is registered and this invention is held. Moreover, since the 
measurement value of two currents by shunts 4 and 5 is converted by the ratio defined to the set 
point and amendment about the classification of a battery, the permission minimum electrical 
potential difference, a discharge rate, and temperatxare is performed by the operation means 9, 
remaining capacity and the precision over a remaining time display are very high. Moreover, if a 
highly efficient display means is used, an above-mentioned locus and an above-mentioned forecast 
are also illustratable. Furthermore, by preparing a commimication-interface circuit as occasion 
demands, it is also possible to transmit to the host computer which supervises such information. 
Therefore, since the function which carries out the monitor of the battery rating to a rectifier is 
required more often in recent years, it is very useful to carry the display of this invention which has 
versatility in a direct-current electric supply system. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The I/O means which are a rectifier and the display of the direct-current electric supply 
system which supplies power to a load from a battery, and outputs and inputs a signal between said 
rectifiers, In the capacity and the remaining time display of the battery equipped with a 1st 
measurement means to measure the output current and the load current of said rectifier, and an 
operation means to search for a battery current fi-om the difference of the output current and the load 
current which were calculated with this 1st measurement output A 2nd measurement means to 
measure the case temperature of said battery, and a 1st storage means to memorize the table data 
which collected the specification setting items and the set points of said rectifier and a battery. The 
conditioning means which chooses firom said 1st storage means eind can be set up according to actual 
employment conditions. The capacity conversion time amoimt (K) and the charging-time-value (T) 
property which were set to the predetermined specification of a battery are used. A 2nd storage 
means to memorize the battery whose rated capacity is known as table data in quest of the discharge 
multiplier to the discharge current (C-Rate) at the time of discharging, It asks for the discharge 
multiplier corresponding to the discharge current and temperature of a battery which were measured 
for every unit time amount more fixed than said 1st measurement means and the 2nd measurement 
means with said 2nd storage means. The amount of discharge which multiplied the value by said 
discharge current and unit time amount, and was converted into the predetermined rate discharge of 
time amount is computed. Carry out sequential subtraction of said amoimt of discharge from the 
battery rating which makes a fiill charge initial value, and remaining capacity is calculated. An 
operation means to compute the percentage to a fiiU charge, and to do the division of said remaining 
capacity to said discharge multiplier by the discharge current at the time, and to presume the 
discharge remaining time in an operating condition. The capacity and the remaining time display of 
the battery characterized by providing a display means to update and display the result of an 
operation for every unit time amount of measurement. 

[Claim 2] The capacity and the remaining time display of the battery according to claim 1 which is 
the display means which can make the result of an operation a locus and can carry out a graphic 
display while said display means updates and displays the result of an operation by said operation 
means for every unit time amount of measurement. 

[Claim 3] The capacity and the remaining time display of the battery according to claim 1 or 2 which 
equipped the measurement value list by said 1st and 2nd measurement means with the 
communication-interface circuit for transmitting the operation data based on said operation means 
outside. 
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precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the direct-current electric supply system concerning this 
invention. 

[Drawing 2] It is the one example block diagram of the capacity and the remaining time indicating 
equipment of this invention. 

[Drawing 3] It is the characteristic curve sheet of the discharge current (C-Rate) and a discharge 
multiplier which presumes the remaining capacity in this invention. 

[Drawing 4] It is the characteristic curve sheet of the capacity conversion time amount K based on 
the predetermined specification of a battery, and a charging time value T. 
[Drawing 5] It is a discharge pattem Fig. based on the predetermined specification of a battery. 
[Drawing 6] It is the example Fig. of a display displayed on a display means in an example of the 
result of an operation in this invention. 

[Drawing 7] It is the block diagram of the conventional direct-current electric supply system. 
[Drawing 8] It is the block diagram of the conventional capacity and remaining time indicating 
equipment. 

[Description of Notations] 

1 Rectifier 

2 Battery 

3 Load 

4 Five Shunt 

6 60 Display 

7 I/O Means 

8 1st Measurement Means 

9 Operation Means 

10 Display Means 

1 1 Temperature Sensor 

12 2nd Measurement Means 

13 Conditioning Means 

14 1st Storage Means 

15 2nd Storage Means 

16 Communication-Interface Circuit 
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[Drawing 1] 
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[Drawing 2 ] 
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[Drawing 5] 
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